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CHAPTER 1 
General introduction 
 
1.1 Drought tolerance in plants 
1.1.1 Climatic change and its impacts 
Global climate models predict increases over time in average temperature 
worldwide with significant impacts on local patterns of temperature and 
precipitation (Ganopolski 2008). Accordingly, it is expected that the frequency of 
extreme climate events such as floods and droughts are increased (Alcamo et al. 
2007; Mirza 2007). Moreover, Climate change impacts significantly on annually 
stream flow as well as spatial distribution of water availability (Ma et al. 2008; 
Wurbs et al. 2005). As a result, the scarcity of water occurs more often in various 
land area, and those area are enlarging (Dai 2011).  
Crop production is highly dependent on weather conditions and/or water 
availability. With these effects of climate change, weather will become more 
extreme and unpredictable, and water availability for crop production will decrease 
(Kang et al. 2009). Crop production models predict a decreasing in yield of maize, 
wheat, rice, and soybean in several cultivated areas due to the lack of water 
availability (Aggarwal et al. 2006). Furthermore, climate change increases the crop 
plants encountering to various environmental stresses. These stresses induce 
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numerous alteration to crop plants physiologically and biochemically, and then 
cause to change chemical composition of crop plants. As a result, the quality of the 
harvested products is influenced (Wang and Frei 2011). 
 
1.1.2 Plant response against drought stress 
In agriculture, drought can be defined as insufficient moisture supply which is 
reduced crop production (Blum 2011). For plant, drought is the gap between 
supply and demand for water. Based on the interrelation between supply and 
demand for water, the response of plants to drought stress can be displayed 
delineated into three distinct stages of soil dehydration. In stage I, plants grow and 
develop normally because soil moisture is supplied sufficiently. When the water 
uptake from the soil of plant does not match the potential transpiration rate, plants 
start suffering the drought stress in stage II. During stage II, plants maintain the 
water balance by reducing transpiration rate to appropriate to the limited water 
uptake. Stage III is reached when the water uptake of plant is unable to meet its 
transpiration demand. At stage III, the closure of stomata and inhibition of 
photosynthesis occur. The strategy of plants is shifted from productivity to survival 
to conserve water (Sinclair & Ludlow 1986). Therefore, response of plants change 
depends on the stress strength. In addition, the demand and usage efficiency of 
water are different among plant species or cultivar. For these reasons, drought 
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condition should be set according to the material plant in drought tolerance 
evaluation.  
On the other hand, strategy of plant against to drought stress has been divided 
into drought escape, dehydration avoidance and dehydration tolerance (Levitt 
1972; Turner 1986). Drought escape displays a high degree of developmental 
plasticity. Some plants can sense initial drought stress, and possess their life cycle 
to complete before exposing severe stress. Dehydration avoidance is defined as the 
capacity to sustain the high water status or cellular hydration under drought 
condition. Plants avoid dehydration by enhancing soil water uptake or limiting 
water loss. Dehydration tolerance is involved in the capacity of plant cells and/or 
tissues to withstand dehydration. Plants withstand dehydration by synthesizing and 
accumulating protective proteins and solutes, and antioxidants to stabilize cell 
membrane and/or to prevent cell damage. Each of those strategies requires 
different physiological reaction, morphological feature, and/or phenological 
character in plant (Deikman et al. 2011). In addition, plants seem to change kinds 
of response types depending on developmental stage and drought environment 
(Chaves et al. 2003, Mullet 2009). Therefore, plant response to drought stress 
might be composed of multiple strategies. Each strategy might contribute to the 
response depending on plant stage and environment to a lesser or greater degree. 
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Drought affects on development, growth, and survival of plant. To cope with 
drought, plants have evolved a wide spectrum of molecular programs to sense and 
adapt to drought (Sakuma et al. 2006). At the cell level, the plant response to 
drought stress is a complex signal cascade that is composed of four basic steps: 
signal perception, signal transduction, gene induction, and expression of tolerance 
to drought stress (Ingram and Bartels 1996; Shinozaki and Yamaguchi-Shinozaki 
2000: Bartels and Sunkar 2005). The initial stress signals trigger the downstream 
signaling process and transcription controls, which activate mechanisms to protect 
the plant from drought stress. These signaling pathways constitute a complex 
network, interconnected at many levels through several pathways (Bohnert and 
Sheveleva 1998; Knight and Knight 2001). Accordingly, drought stress signals 
activate stress responsive genes which are expressed at various levels of plant 
organization, and are involved in many functional processes of plant growth and 
development (Ingram and Bartels 1996; Chaves and Oliveira 2004). Therefore, 
response and tolerance in plant to drought stress is a result from the combination 
activities of many genes, and all of them need to contribute in concert. 
 
1.1.3 Selection criteria for drought tolerance evaluation 
In order to establish drought tolerant plants, setting appropriate selection criteria 
is primary tasks in drought tolerance evaluation. The criteria should associate to 
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the vitality or damage of plant under stress (Reynolds et al. 2001). Selection 
criteria should reflect the plant response and/or physiological processes that are 
involved in the drought tolerance (Araus 1996). Moreover, selection criteria should 
be chosen appropriately according to the drought evaluation method (Salekdeh et 
al. 2009). In addition, selection criteria should be a comparable and measurable 
trait since the plant response to drought stress depending on plant stage and 
environmental condition. 
Leaf wilting is a prominent symptom of plant under drought stress. Leaf is 
wilted when plants become water shortage and reduce their turgor in each cell 
under stress. Depending on drought stress intensity and duration, leaf shows 
different wilting level from partial to fully. Besides, leaf wilting is a visual and not 
acute lethal symptom, it can be easily measured and monitoring as indicator of 
plant damage during the stress. Therefore, leaf wilting or rolling is being used as a 
reliable indicator for drought symptom and tolerance level in cereals (Banzinger et 
al. 2000; Fisher et al. 2003), soybean (Fletcher et al. 2007; Sadok and Sinclair 
2010). 
 
1.2 Potato 
Potato is one of the most important food crops in the world with an annual 
production of 368 million tons and cover over 19 million hectares (FAOSTAT 
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2012). However, almost modern potato cultivars are considered highly susceptible 
to drought stress (Van Loon 1981; Weisz et al. 1994; Deblonde and Ledent 2001), 
subsequently, potato productivity and cultivation can be impacted highly in case of 
increasing of drought frequency and severity. Climate models have indicated that 
drought episodes or drought events will become more frequent and extreme 
because of the long-term effects of global warming (Wilhite 2005; Salinger et al. 
2004; Cook et al. 2004). On the other hand, the sparse and shallow root system, 
and the low ability in water uptake of root are mainly contributed to the drought 
susceptibility in potato (Miller and Martin 1987; Jefferies 1995; Iwama 2008). 
Drought impacts on potato growth by reducing photosynthesis and leaf expansion 
(Jefferies 1993a and b; Schapendonk et al. 1989; Deblonde and Ledent 2001; Ta et 
al. 2003). Drought inhibits physiological and biochemical activities such as 
photosynthesis, nitrogen uptake, and nitrate reductase activity (Basu et al. 1998; 
Schafleitner et al. 2007). Drought affects on tuber initiation and development 
(Haverkort et al. 1990; Walworth and Carling 2002; Schafleitner et al. 2007), and 
also tuber quantity and quality (Levy 1983; Deblonde et al. 1999; Porter et al. 
1999). Furthermore, it is predicted that potato yield can be lost from 18 to 32% 
during next decade years due to climate change (Hijmans 2003). Hence, to 
maintain and increase potato production, it is necessary to produce new potato 
cultivars with drought tolerance. 
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Potato has a complex hereditary mode, because most cultivars are tetrasomic 
tetraploid (autotetraploid) (Iwanaga and Peloquin 1982; Watanabe et al. 1994, 
1995). Furthermore, some sexual incompatibility also exists between wild species 
and cultivated potatoes or among them (Spooner and Hijmans 2001). On the other 
hand, drought tolerance is derived from complex quantitative traits that are 
controlled by many genes that interact with each other (Richards 1996; Edmeades 
et al. 2004; Boyer 2010; Sinclair 2011). Therefore, introgression for drought 
tolerance in potato by conventional breeding is extremely difficult and time-
consuming. 
Genetic engineering offers a possible solution for establishing new potato 
cultivars with drought tolerance rapidly, by directly introducing useful genes to 
commercial elite potato cultivar from different species. Genetic engineering is 
expected that not only introduce the desired trait but also maintain the original 
traits of cultivar (Bhatnagar-Mathur et al. 2008).  
 
1.3 Role of AtDREB1A in drought stress tolerance in plants 
 Abiotic stresses cause morphological, physiological, and biochemical 
alterations in crop plants, thereby negatively affecting their growth and 
productivity. Plants respond to these stresses by operating various genes to protect 
physiological and biochemical activities, and subsequently to maintain growth and 
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development (Yamaguchi-Shinozaki and Shinozaki 2005). These stress-responsive 
genes contribute not only to cell protection but also to signal transduction and 
regulation of gene expression. 
Transcription factors play critical roles to signal transduction and gene 
regulation. In Arabidopsis, many transcription factors, including bZIP, MYC, 
MYB, NAC, WRKY, and DREB, are involved in signal transduction and gene 
regulation under various abiotic stress conditions (Shinozaki and Yamaguchi-
Shinozaki 2007). Among these transcription factors, DREBs have been indicated 
as key regulators for various abiotic stress responses (Sakuma et al. 2002; 
Shinozaki and Yamaguchi-Shinozaki 2007). In Arabidopsis, DREB transcription 
factors can specifically bind DRE (dehydration-responsive element) sequences, are 
classified into two groups; DREB1 and DREB2 (Yamaguchi-Shinozaki and 
Shinozaki 2005). It is known that DREB1s genes are induced by cold stress (Jaglo-
Ottosen et al. 1998; Liu et al. 1998; Kasuga et al. 1999). On the other hand, over-
expression of DREB1 genes in Arabidopsis enhanced tolerance not only to cold but 
also to drought and salinity stresses (Stockinger et al. 1997; Gilmour et al. 1998; 
Liu et al. 1998). DREB2s genes are induced by drought, salinity and heat stresses 
(Liu et al. 1998; Nakashima et al. 2000). Over-expression of DREB2 genes in 
Arabidopsis did not improve stress tolerance (Liu et al. 1998; Sakuma et al. 2002) 
since DREB2 proteins need post-translational activation (Liu et al. 1998). DREB1 
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proteins can activate many downstream genes that are responsible for drought 
tolerance without modification, it is expected that DREB1 genes improve drought 
stress tolerance in plants with simple manner. 
Microarray analyses showed that over-expression of AtDREB1A caused up-
regulation of various stress-responsive genes in Arabidopsis (Seki et al. 2001; 
Fowler and Thomashow 2002; Maruyama et al. 2004). Many of these stress-
inducible genes, encoding LEA proteins, antifreeze proteins, hydrophilic proteins, 
RNA-binding proteins, antioxidant enzymes, and protease inhibitors, contribute to 
cell-protective functions. Therefore, the over-expression of AtDREB1A enhanced 
tolerance to drought in Arabidopsis. AtDREB1A also conferred drought tolerance 
improvement in other plant species such as tomato (Hsieh et al. 2002; Zhang et al. 
2004) and rice (Dubouzet et al. 2003; Ito et al. 2006; Oh et al. 2005), by activating 
many stress-responsive genes. However, constitutive over-expression of 
AtDREB1A caused severe growth retardation under non-stress conditions in 
Arabidopsis (Liu et al. 1998; Kasuga et al.1999; Gilmour et al. 2000, 2004), 
tobacco (Kasuga et al. 2004), and tomato (Zhang et al. 2004). To overcome this 
problem, the stress-inducible rd29A promoter was employed to improve abiotic 
stress tolerance without the negative effects on plant growth (Jia et al. 2012). Thus, 
it is expected that AtDREB1A gene driven by rd29A promoter is a good candidate 
for improving drought tolerance of plants. 
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1.4 Objectives 
Due to effects of climate change, drought is predicted has negatively impacts on 
potato production. To maintain and increase potato production, it is necessary to 
produce new potato cultivars with drought tolerance. Genetic engineering offers a 
possible solution to establish new potato cultivars for drought tolerance by directly 
introducing useful genes to commercial elite potato cultivar. 
In Arabidopsis, DREB1A up-regulates various stress-responsive genes which 
encoding LEA proteins, antifreeze proteins, hydrophilic proteins, RNA-binding 
proteins, antioxidant enzymes, and protease inhibitors (Maruyama et al. 2004). 
AtDREB1A also can activate many stress-responsive genes in other plant species 
such as tobacco (Kasuga et al. 2004), tomato (Rai et al. 2013), soybean (Polizel et 
al. 2011), peanut (Bhatnagar-Mathur et al. 2007), rice (Ito et al. 2006), and wheat 
(Pellegrineschi et al. 2003). As a result, AtDREB1A conferred tolerance for abiotic 
stresses such as salinity, freezing, and drought. In previous studies, the strong 
correlations between AtDREB1A expression and freezing or salinity tolerance in 
transgenic potatoes carrying rd29A::AtDREB1A were indicated (Behnam et al. 
2006, 2007). From these results, AtDREB1A might up-regulate many cell-
protective genes in potato, and consequently conferred those stresses tolerance. It 
was hypothesized that drought tolerance of rd29A::AtDREB1A transgenic potatoes 
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depend on the expression level of AtDREB1A under drought stress same as under 
salinity and freezing stresses. 
 Objective of this study was the screening of drought tolerant candidates for 
practical uses via the evaluation of drought tolerance in rd29A::AtDREB1A 
transgenic potatoes in vitro and at growth room. From the analyses of transgene 
expression and tolerance evaluation of transgenic potato lines, it was indicated that 
the leaky expression before stress treatment caused their growth retardant and that 
expression during stress associated to their tolerance. Selection was made on six 
tolerant lines as candidates for practical uses. Furthermore, the screening strategy 
for drought tolerance to rd29A::AtDREB1A transgenic potatoes combined with in 
vitro and growth room evaluation was recommended. 
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